ABSTRACT To further understand documented associations between obesity and urban sprawl, this research describes individuals' trade-offs between health-related activities and commuting time. A cross-section of 24,861 working-age individuals employed full-time and residing in urban counties is constructed from the American Time Use Survey (2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010). Data are analyzed using seemingly unrelated regressions to quantify health-related activity decreases in response to additional time spent commuting. Outcomes are total daily minutes spent in physical activity at a moderate or greater intensity, preparing food, eating meals with family, and sleeping. Commuting time is measured as all travel time between home and work and vice versa. The mean commuting time is 62 min daily, the median is 55 min, and 10.1% of workers commute 120 min or more. Spending an additional 60 min daily commuting above average is associated with a 6% decrease in aggregate healthrelated activities and spending an additional 120 min is associated with a 12% decrease. The greatest percentage of commuting time comes from sleeping time reductions (28-35%). Additionally, larger proportions of commuting time are taken from physical activity and food preparation relative to the mean commuting length: of 60 min spent commuting, 16.1% is taken from physical activity and 4.1% is taken from food preparation; of 120 min commuting, 20.3% is taken from physical activity and 5.6% is taken from food preparation. The results indicate that longer commutes are associated with behavioral patterns which over time may contribute to obesity and other poor health outcomes. These findings will assist both urban planners and researchers wishing to understand time constraints' impacts on health.
Commuting time is an intuitive channel between sprawl and obesity. Time is a major input to health 13, 14 and large amounts of time consumed by long commutes may inhibit healthy behaviors. For example, time scarcity is cited as a barrier to physical activity 15 and maintaining nutritious diets. 16, 17 Less time for meal preparation may prompt the selection of lower time cost meals, which are often processed or non-grocery meals less healthy than meals assembled from base ingredients. 18 Commute time could also be drawn from sleeping time increasing the potential for sleep deprivation, which is associated with obesity. 19 Little is established regarding the manner in which Americans trade-off time among activities. This research focuses on trade-offs between health-related activities and time spent commuting. Because daily time is constrained to 24 h, holding working time constant, increases in commuting time must necessarily be met with decreases in aggregate leisure time. Although every individual leisure activity need not decrease, increasingly limited leisure time progressively constrains time available for health-related activities on the whole. Whether individuals reallocate time from health-related activities-and if so, by how much-are the research questions of this study.
METHODS

Data: the American Time Use Survey
The primary dataset is the American Time Use Survey (ATUS). The ATUS is an annual, nationally representative cross-sectional survey, administered by the Bureau of Labor Statistics since commencing in 2003. A monthly ATUS sample is randomly drawn from respondents recently completing the bureau's Current Population Survey. Respondents chronologically list what they consider to be their primary activities and the activities' durations beginning with 4 am on the previous day through 4 am on the day of the interview, a 24-h period referred to as the respondents' "diary day". A limitation of the data is that only the activity which respondents consider to be their primary engagement at a given time is recorded; other activities performed simultaneously and considered secondary are omitted. This information is categorized on a per-minute time scale into a three-tiered system of approximately 400 activities (e.g., an activity may be classified as "Work & Work-Related Activities" in the first tier, "Working" in the second tier, and "Work, main job" in the third). The ATUS also records where each activity took place, or for travel activities, the transit mode. Additionally, researchers have constructed MET intensity values for each ATUS activity category. 20 A "MET" (or "metabolic equivalent") is a unit commonly used to gauge the intensity of a physical activity and is roughly defined as the ratio of energy expenditure in an activity to energy expenditure while at rest. A MET value of 3.0 is considered the threshold for moderate intensity.
Primary Measures
(a) Health-Related Activity Outcomes Four health-related activities are modeled: (1) aggregate physical activity, the summation of time spent in 35 individual exercise and sports activities and time for any other activity for which the MET value is 3.0 or greater; (2) total time spent preparing food; (3) the total time spent eating as a primary activity; and (4) total time spent sleeping. These time usages are appropriate measures of healthy behaviors. Physical activity includes deliberate exercise as well as other sources daily activity, which may be an important source for many. Given the absence of precise nutritional intake, food preparation and the time spent eating with family proxy for diet quality. More time in these activities suggests that fewer pre-prepared or processed foods consumed. Additionally, to provide benchmark comparisons to the healthy-related behaviors, the time spent (5) socializing or communicating with others and (6) watching television, which together comprise approximately one third of the sample's waking leisure time, are also measured.
(b) Commuting
The principal explanatory factor is the total daily time spent commuting. Classifying a commute is not straight-forward because commuters often run other errands over the course of their journey. 21 To accommodate commuting trips with multiple destinations, a commute is defined as all travel time for any purpose from the time the respondent leaves home until arrival at work, and vice versa. A respondent's total daily commuting time is the summation of all qualifying travel time.
(c) Covariates
Several demographic control variables are included: age, gender, race and Hispanic status, education, marital status, number of children, an indicator for the presence of a child aged 1 year or less, hourly wage, household income, school enrollment status, and employment status by occupation and industry. Covariates also include fixed effects for the respondents' metropolitan area of residence and the diary day date (the year, month, day of the week, and whether it was a holiday). Additionally, two indicators are constructed to identify commuters using active travel modes (walking or bicycling) at least 30 min daily or using public transportation during any portion of their commute. Lastly, commuting is a workrelated activity. Because in addition to any trade-off with commuting labor time itself constrains healthy behaviors, 22 the total daily time spent working is also included.
Sample Construction
The sample is constructed as follows: when ATUS samples from survey years 2003 through 2010 are pooled, 112,038 observations comprise the full set. Given the focus on commuting, a work-related activity, the sample is limited to working-age (21-65) adults residing within identifiable urban labor markets, specifically the respondent's Core Based Statistical Area. These criteria result in the omission of 23,788 individuals living in rural areas and 20,343 individuals outside of the age range. Next, 3,957 identified as beginning or ending the day away from home or working night shifts were omitted. Commuters falling under loosely defined "traditional" commuting schedules were eligible for inclusion if they arrived at work between 4:30 am and 6 pm, and also arrived at home between 10 am and 11:30 pm. Furthermore, 28,019 respondents who were either not employed or not employed full-time and thus not subject to comparable time constraints were dropped. A further 3,932 employed respondents who did not report wages and 5,877 who did not report household income were not included. Finally, 1,261 individuals with time usages in any health-related activity, socializing, television, labor, or commuting time exceeding the 99th percentile (measured at the full pooled sample) were excluded as outliers. The final dataset includes 24,861 observations.
Statistical Methods
The empirical objective is to estimate how the participation in several health-related activities varies by the amount of time spent commuting. The analysis uses seemingly unrelated regression (SUR), which acknowledges the interrelatedness among activities within a given day. In particular, the SUR procedure allows for correlation among the error terms within an individual's daily activities. Commuting time is entered into the model in linear, quadratic, and cubic terms, and labor time is entered in linear and quadratic. Additionally, interaction terms are included between commuting time and labor time, and also between commuting time and the indicators for public transportation mode and active commuting. A quadratic term is included for age and respondents' hourly wage and household income are logged.
The SUR results are then available to produce covariate-adjusted means for each health-related activity at each commuting length. The adjusted means are then used to accomplish two primary aims: (1) to calculate how much involvement in a specific activity decreases when commuting time increases, to gauge that activity's responsiveness to commuting increases, and (2) to calculate the percentages of commuting time that are derived from decreases in each health-related activity. These percentages indicate in which activities commuters would otherwise be involved rather than traveling to work. Commuting time increases are calculated using the mean commuting time as the reference comparison. Table 1 presents time use activity and covariate descriptions and sample means and categorical percentages. Summary statistics are presented for the overall sample and additionally within several brackets of daily commuting time in 1-h intervals: 0, 1-59, 60-119, 120-179, and 180 min or more total commuting time on the diary day. Time usages are sample averages and are not conditional on having engaged in the specific activity. The mean time spent daily commuting is 40.0 min overall, whereas conditional on having commuted the mean daily commuting time is 62.2 min and the median is 55 min. The covariates' raw means and rates suggest that respondents with longer commutes are a higher proportion male (54.9% of the 1-59-min commuting bracket group compared to 60.3% of the 120-179-min commuting time bracket group), minority race, and ethnicity (whites are 68.6% of the 1-59 bracket and 61.7% of the 120-179 bracket), have higher household income ($60.7 thousand in the 1-59 bracket and $72.7 thousand in the 120-179 bracket), and of higher educational attainment (37.7% have a college degree or higher in the 1-59 bracket, and 46.6% of the 120-179 bracket). Table 2 provides additional descriptive statistics pertinent to commuting. Within the sample, 4.9% or those working on their diary day spend 0 min commuting, 54.2% spend less than 60 min, 89.9% spend less than 120 min, and 1.6% spend 3 h or more commuting to work. The vast majority of the sample commutes to work solely by automobile: 92.8% of the sample overall. Few commuters walk or bicycle to work (2.2%) or use public transportation (3.4%), but commuters using alternative modes are clustered among respondents reporting longer commuting times, representing almost a third of respondents spending 180 min or more daily commuting. 20 . The sample is restricted to respondents employed full-time residing in urban counties Table 3 presents adjusted activity means evaluated at half-hour commuting intervals, from 0 to 180 min total daily commuting time. Means are first presented for the four health-related activities individually, and the fifth column displays the aggregate adjusted health-related activity time totals. Means for the time spent socializing are presented in the sixth and seventh columns, respectively. Individually, each health-related activity decreases with increased time spent commuting. Between commutes of 0 and 180 min, mean physical activity decreases 27.3 to 30.1 min (48.4%), food preparation decreases 6.3 to 13.0 min (32.6%), family eating decreases 10.7 to 24.2 min (30.6%), and sleeping decreases 64.5 to 441.0 min (12.8%). Alongside each adjusted mean, within parentheses, ratios of activity times at each commute time relative to activity times at the average commuting time (62.2 min daily) are presented to gauge each activity's responsiveness to commuting time changes. An average commuter whose total commuting time increased 1 h daily to 120 min would experience a 23% reduction in physical activity, a 17% reduction in food preparation, a 8% reduction in time eating with family, and a 3% reduction in sleep time. By comparison, time spent socializing would decrease 3% and time watching television would decrease 14%. In the extreme evaluation of 180 min spent commuting, physical activity time decreases 44% and food preparation time decreases 31% relative to at the mean commuting time, whereas comparatively television time decreases 20%, and an individual spending 3 h commuting daily still views on average 102.0 min of television. Table 4 presents the percentage of time reallocated in each activity as a percentage of the total daily commuting time's difference from the mean commuting time. This is equivalent to the percentage of commuting time attributable to the decrease in participation time of that particular activity. The fifth column displays the summation of the previous four percentages and indicates the total percentage of the daily commuting time which is drawn from the four health-related activities. The total-health-related column illustrates that the majority of commuting timeconsistently above 56%-is attributable to decreases in these four health-related activity categories. The health-related trade-off with commuting is largely comprised of the trade-off with sleep, which is 35.3% of 30 min spent commuting, 30.6% of 60 min spent commuting, and 32.6% of 180 min spent commuting. The trade-off with sleep is fairly constant over the range of commuting time, whereas an increasing proportion of time is drawn from physical activities and food . The sample is restricted to respondents employed full-time residing in urban counties. All times are in minutes. Ratios are relative to means at the average commuting time (62.2 min). Means are adjusted by total time spent working, wage, age and age-squared, gender, race and Hispanic status, education, marital status, number of children, the presence of a young child, household income, school enrollment status, employment status by occupation and industry, metropolitan area, and diary day date 
RESULTS
DISCUSSION
The results indicate that longer commutes are increasingly associated with behavioral patterns which over time may contribute to poor health outcomes. Average commuting times are associated with modest reductions in health-related activities. Decreases in the four health-related activities-physical activity, food preparation, time eating with family, and sleeping-constitute the majority of time from which is commuting reallocated from. The greatest percentage of these four categories is taken from sleeping time. Above the mean commuting time, a greater proportion of commuting time is derived from decreases in food preparation and physical activities of moderate or greater intensity than at the mean. Lastly, even among respondents that report spending 2 or 3 h each day commuting, the average time spent watching television exceeds 100 min the same day. This estimate suggests that sizeable discretionary time still remains that Americans could utilize to improve their health and other aspects of their lives. The presented calculations are for a single average day, only. There are also likely cumulative effects, the calculation of which unfortunately requires extrapolation from the data. Assuming 260 working days per year and linear cumulative tradeoffs, a 90-min-per-day commuter will trade-off 24.2 h of physical activity annually at a moderate or greater intensity relative to a worker with the average 60-min-perday commute time. Even at moderate intensities 24.2 h is the equivalent to thousands of unexpended calories. Slight behavioral changes cumulate to dramatic results: the growth in median body weight since the 1980s is equivalent to only 100-150 additional calories per day-"three Oreo cookies or one can of Pepsi". 18 The modest trade-off estimates support trade-offs with commuting as a small but meaningful factor among an array of complex causes of obesity.
These physical activity trade-offs are in addition to any further dietary or sleep impacts. However, because the functional relationships of time inputs of these activities into health are not well understood, health consequences are more difficult to assess. For example, individuals with longer commutes spend less time preparing food and are likely consuming more processed and prepared foods. Yet, the lack of any detailed nutritional intake prohibits further estimating any health implications. Similarly, no research exists to guide quantifying the precise health impacts of 15-min lost sleep each working day.
Commuting is an activity with diverse practices. Certainly, active modes such as walking or bicycling provide some physical activity via transit and thus may influence health-related behaviors differently than commuting by automobile. Similarly, public transportation enables some commuters to multitask, such as working en route, potentially freeing up additional leisure time for healthy behaviors. However, these practices are predominantly clustered in major cities with the infrastructure to support non-car commuting modes. Active travel in sprawled communities is often inconvenient or infeasible. The vast majority of sample respondents (93%) commuted solely using automobiles, and a large number likely did not have short-term alternative options. Future researchers should evaluate coping strategies long car-dependent commuters could implement immediately, such as parking further from their worksite and walking the remaining distance.
Anecdotally, workers in foreign cities experience commutes comparable to or exceeding Americans' travel, yet abroad, obesity and related diseases rates' are often lower. This suggests that beyond the direct time loss to commuting, a crucial element is also the context in which that time loss occurs. Responses to time constraints may differ by culture, attitudes towards health, or the environment. In the USA, leisure time lost to commuting occurs within a context of increasingly low-cost, energy dense foods, which are linked to obesity. 23 Workers with long commutes living in a different food environment may not respond the same. An extension to this study could investigate cross-cultural differences in commuting trade-offs.
Lastly, this study's estimates likely only establish an upper-bound on commuting trade-offs. Commuting time is not randomly assigned and self-selection may yield biased estimates. Already, it is noted that the failure to acknowledge unobserved preferences for health or location might lead to misguided interpretation in the association between sprawl and obesity. 24, 25 In the commuting context, individuals caring less about their health might purposefully select long commutes to enjoy cheaper housing costs. It is difficult to disentangle such factors from long-run conditions such as commuting time and these results are only intended as an initial attempt to quantify trade-offs.
CONCLUSIONS
This paper describes Americans' trade-offs between commuting time and healthrelated activities. Individuals with longer commutes are increasingly less engaged in health-related activities. These results provide a first look at trade-offs between health-related activities and commuting. Continuing research in this area will inform understanding of work-life balance and how environmental context interacts with lifestyle choices that are risk factors for obesity.
